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RNase H is responsible for the non-specific inhibition of in vitro 
translation by 2'-0-alkyl chimeric oligonucleotides: High affinity 
or selectivity, a dilemma to design antisense oligomers. 
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ABSTRACT: Ribonuclease H (RNase H) which recognizes and cleaves the RNA 
strand of mismatched RNA-DNA heter oduplexes can induce non-specific 
effects of antisense oligonucleotides. In a previous paper (Larrouy 
et al. (1992), Gene, 121, 189-194), we demonstrated that ODN1, a 
phosphodiester 15mer targeted to the AUG initiation region of 
alpha-globin mRNA, inhibited raRNA. Specificity was restored by using 
MP-ODN2, a methylphosphonate-phosphodiester sandwich analogue of ODN1, 
which limited RNase H activity on non-perfect hybrids. We report 
here that 2'-0-alkyl RNA-phosphodiester DNA sandwich analogues of ODN1, 
with the same phosphodiester window as MP-ODN2, are non-specific 
inhibitors of globin synthesis in wheat germ extract, whatever the 
substituent (methyl, allyl or butyl) on the 2' -OH. These sandwich 
oligomers induced the cleavage of non-target beta-globm RNA sites, 
similarly to the unmodified parent oligomer ODN1 . This is likely due to 
the increased affinity of 2 ' -0-alkyl-ODN2 chimeric oligomers for both 
fully and partly complementary RNA, compared to MP-ODN2 . In contrast, the 
fully modified 2'-0-methyl analogue of ODN1 was a very effective 
and highly specific antisense sequence. This was ascribed to its 
inability (l) to induce RNA cleavage by RNase H and (II) to physically 
prevent the elongation of the polypeptide chain. 
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Interaction of RNase H from E. coli with modified 

oligonucleotide hybrid duplexes. I. Duplexes containing 

modification in furanose moiety. 
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ABSTRACT: The influence of oligodeoxyribonucleotide probes containing 
1- (D-beta-2 ' -deoxy- threo-pentof uranosyl ) thymine or 

1- (D-beta-2 ' -deoxy-2 ' - f luoro-pento f uranosyl ) uracil on the ability of the 
hybrid duplexes to interact with RNase H from E. coli was studied. A 
kinetic approach was used to measure of the modification effect. The 
hybrid duplex, prA-18/d (TTf 1U) -6TT, was shown not to interact with RNase 
H, whereas p rA- 1 8 / d ( xTTT ) - 6 inhibited the RNase H activity 
(K-i=0.67 mkM) . The thermostability of the modified duplexes was 



estimated. The presen^fcchmque may lead to the use ofj 
modified oligonucleot^^BI as antisenses. 
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Evaluation of 2 ' -modified oligonucleotides containing 2 '-deoxy 
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ABSTRACT: We have used a previously described 17-mer phosphorothioate 

(Monia, B. P., Johnston, J. F . , Ecker, D. J., Zounes, M. A., Lima, W. F . , 
and Freier, S. M. (1992) J. Biol Chem. 267, 19954-19962) for 
structure-function analysis of 2 '-sugar modifications including 
2'-0-methyl, 2'-0-propyl, 2'-0-pentyl, and 2'-fluoro. These modifications 
were analyzed for hybridization affinity to complementary RNA and for 
antisense activity against the Ha-ras oncogene in cells using a 
highly sensitive transactivation reporter gene system. Hybridization 
analysis demonstrated that all of the 2 ' -modified 

oligonucleotides hybridized with greater affinity to RNA than an 
unmodified 2 ' -deoxy oligonucleotide with the rank order of affinity 
being 2'-fluoro gt 2'-0-methyl gt 2'-0-propyl gt 2 ' -O-pentyl gt 2 '-deoxy. 
Evaluation of antisense activities of uniformly 2 ' -modified 
oligonucleotides revealed that these compounds were completely 
ineffective in inhibiting Haras gene expression. Activity was 
restored if the compound contained a stretch of at least five 2 ' -deoxy 
residues. This minimum deoxy length correlated perfectly with the minimum 
length required for efficient RNase H activation in vitro using 
partially purified mammalian RNase H enzyme. These chimeric 2'- 
modif ied/deoxy phosphorothioates displayed greater antisense 
potencies in inhibiting Ha-ras gene expression, compared with the 
unmodified uniform deoxy phosphorothioate. Furthermore, antisense potency 
correlated directly with affinity of a given 2' modification for its 
complementary RNA. These results demonstrate the importance of target 
affinity in the action of antisense oligonucleotides and of RNase H 
as a mechanism by which these compounds exert their effects. 
? s s6 not s7 

46 S6 
7 S7 

S8 3 9 S6 NOT S7 

? t s8/3,ab/all 



8/3,AB/l (Item 1 from file: 5) 

DIALOG ( R ) File 5:Biosis Previews (R) 
(c) 2000 BIOSIS. All rts. reserv. 

12346912 BIOSIS NO.: 200000100414 

Oligonucleotide conjugated to linear and branched high molecular 

weight polyethylene glycol as substrates for RNase H. 
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ABSTRACT: Two conjugates of an anti-HIV oligonucleotide (ODN) with 

different high molecular weight monomethoxy polyethylene glycols (MPEGs) 

i.rfvr brrii r.r.st ed foi their activity as substrate towards RNase H . 

Ttie MPEG does not impede the formation of the regular hybrid duplex with 

the target RNA sequence as pointed out by the persistence of the RNase H 

activity; thus, these derivatives stimulate the hydrolysis of RNA 

by the enzyme at the same site and with the same extent of cleavage as 

the native sequence. 
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ABSTRACT: Retroviral revXerse transcriptases (RTs) have an associated RNase 
H activity that can cleave RNA-DNA duplexes with considerable 
precision. We believe that the structure of the RNA-DNA duplexes in the 
context of RT determines the specificity of RNase H cleavage. To test 
this idea, we treated three related groups of synthetic RNA-DNA hybrids 
with either Moloney murine leukemia virus (MLV) RT or human 
immunodeficiency virus type 1 (HIV-1) RT . All of the hybrids were 
prepared using the same 81-base RNA template. The first series of RNase H 
substrates was prepared with complementary DNA oligonucleotides of 
different lengths, ranging from 6 to 20 nucleotides, all of which shared 
a common 5' end and were successively shorter at their 3' ends. The 
second series of oligonucleotides had a common 3' end but shorter 
5' ends. The DNA oligonucleotides in the third series were all 20 
bases long but had non-complementary stretches at either the 5 ' end, 3 1 
end, or both ends. Several themes have emerged from the experiments with 
these RNA-DNA duplexes. (1) Both HIV-1 RT and MLV RT cleave fairly 
efficiently if the duplex region is at least eight bases long, but not if 
it is shorter. (2) Although, under the conditions we have used, both 
enzymes require the substrate to have a region of RNA-DNA duplex, both 
MLV RT and HIV-1 RT can cleave RNA outside the region that is part of the 
RNA-DNA duplex. (3) The polymerase domain of HIV-1 RT uses certain 
mismatched segments of RNA-DNA to position the enzyme for RNase H 
cleavage, whereas the polymerase domain of MLV RT does not use the same 
mismatched segments to define the position for RNase H cleavage. (4) For 
HIV-1 RT, a mismatched region near the RNase H domain can interfere with 
RNase H cleavage; cleavage is usually (but not always) more efficient if 
the mismatched segment is deleted. These results are discussed in regard 
to the structure of HIV-1 RT and the differences between HIV-1 RT and MLV 
RT . 
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lipophilic modification. 
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ABSTRACT: A series of conjugates containing residues of lipophilic alcohols 
covalently bound to 5' end of oligodeoxyribonucleotides targeted against 
human plasminogen activator inhibitor (PAI-1) mRNA was synthesized 
via the oxathiaphospholane approach. The highest anti-PAI-1 
activity in EA.hy 926 endothelial cell cultures was found for 
conjugates containing menthyl or heptadecanyl groups linked with an 
oligonucleotide complementary to a segment of human PAI-1 mRNA. The 
phosphodiester antisense oligonucleotides, which otherwise exhibit 
only limited anti-PAI-1 activity, were found to be more 
active than phosphorothioate oligonucleotides when conjugated 
to lipophilic alcohol residues. For menthyl conjugates an evidence of 
antisense mechanism of inhibition was found. 
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ABSTRACT: Human papillomavirus type 16 (HPV-16) is the HPV type most 

frequently associated with cervical carcinomas. Based on our previous 
research with anti-HPV ribozymes, we developed a 1 6-nucleotide antisense 
oligodeoxynucleotide (AntiE6) able to direct RNase H activity on 
full-length HPV-16 E6/E7 mRNA. Although the precise mechanism is not 
completely understood, addition of 50 muM AntiE6 oligodeoxynucleotide in 
sterile water caused a significant decrease in the growth rate of CaSki 
and QGU cervical tumor cell lines. In contrast, addition of a mismatched 



mutant oligodeoxynucle^ide (M7) did not affect cell growth after 72 
hours. Treatment with^B-iE6 resulted in down-regulati^B)f E6/E7 mRNA 
and an increase in p53 levels in QGU cells. AntiE6 wasWso able to 
( >70 ) inhibit significantly growth of transplanted cervical tumors in 
nude mice after 2 weeks treatment using constant delivery by osmotic 
pumps. These results indicate that the AntiE6 antisense 

oligodeoxynucleotides can act as a therap eutic agent against cervical 
carcinomas . 
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ABSTRACT: Most second-generation ON antisense analogs do not activate 

RNase H. Alternative strategies to arrest translation in a reticulocyte 
cell-free assay programmed by VSV mRNAs have been explored. 
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ABSTRACT: Eighteen peptide-oligonucleotide phosphorothioate 

conjugates were prepared in good yield and thoroughly characterized with 
electrospray ionization mass spectra. When applied to the living cells, 
conjugates exhibiting membrane translocation and nuclear localization 
properties displayed efficient intracellular penetration but failed to 
,n.,w any venous antis.^e effect. Studies on the mt r a c ex i ux a i 
uisti ibution of the fluorescein-labeled conjugates revealed their 
t lapping in endosomes . 
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ABSTRACT- In vitro selection was performed in a DNA library, made of 
oligonucleotides with a 30-nucleotide random sequence, to identify 
liqands of the human immunodeficiency virus type-1 trans-activation 
-responsive (TAR) RNA element. Aptamers, extracted after 15 rounds of 
selection-amplification, either from a classical library of sequences or 
from virtual combinatorial libraries, displayed an imperfect stem-loop 
structure and presented a consensus motif 5' ACTCCCAT m the apical loop. 
The six central bases of the consensus were complementary to the TAR 
apical region, giving rise to the formation of RNA-DNA kissing complexes, 
without disrupting the secondary structure of TAR. The RNA-DNA kissing 
complex was a poor substrate for Escherichia coir RNase H, likely due to 
steric and conformational constraints of the DNA/ RNA heteroduplex . 
2'-o-Methyl derivatives of a selected aptamer were binders of lower 
efficiency than the parent aptamer in contrast to regular 
sense/anti-sense hybrids, indicating that the RNA/ DNA loop-loop region 
adopted a non-canonical heteroduplex structure. These results, which 
allowed the identification of a new type of complex, DNA- RNA kissing 
complex, demonstrate the interest of in vitro selection for identifying 
non-antisense oligonucleotide ligands of RNA structures that are of 
potential value for artificially modulating gene expression. 
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ABSTRACT: A 60 nt long RNA termed IRNA, isolated from the yeast 

Saccharomyces cerevesiae, was previously shown to selectively block 
internal ribosome entry site ( I RES ) -media t ed translation without 
interfering with cap-dependent translation of cellular mRNAs both in vivc 
and in vitro. IRNA specifically bound cellular proteins believed to be 
important for I RES -media t ed translation. We demonstrate here that a 
complementary copy of IRNA (cIRNA) is also active in blocking 
IRES-mediated translation and that it binds many of the same cellular 
proteins that IRNA does. We have probed the secondary structure of both 
IRNA and cIRNA using single-strand- and double-strand-specif lc nucleases 
as well as using oligonucleotide hybridization followed by RNase H 
digestion. Both IRNA and cIRNA share secondary structural homology, 
although distinct differences do exist between the two structures. 
Mutational analysis of IRNA shows that sequences that form both the main 
stem and one loop are critical for its translation inhibitory 
activity. Maintenance of the established secondary structure 
appears to be required for both IRNA's ability to bind cellular 
trans-acting proteins believed to be required for IRES-mediated 
translation and its ability to block IRES-mediated translation. 
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ABSTRACT: We have used a ribonuclease protection assay to investigate RNase 
H cleavage of HIV-1 mRNA mediated by phosphorothioate antisense 
oligonucleotides complementary to the gag region of the HIV-1 
genome in vitro. Cell lysate experiments in H9 and U937 cells chronically 
infected with HIV-1 IIIB showed RNase H cleavage of unspliced gag message 
but no cleavage of spliced message which did not contain the target gag 
region. RNase H cleavage products were detected at oligonucleotide 
concentrations as low as 0.01 muM and the RNase H activity was seen 
to be concentration dependent. Similar experiments with 1-, 3- and 
5-mismatch oligonucleotides demonstrated sequence specificity at 
low concentrations, with cleavage of gag mRNA correlating with the 
predicted activities of the parent and mismatch 

oligonucleotides based on their hybridization melting temperatures. 
Experiments in living cells suggested that RNase H-specific antisense 
activity was largely determined by the amount of 

oligonucleotide taken up by the different cell lines studied. RNase 

H cleavage products were detected in antisense oligonucleotide 

treated MT-4 cells acutely infected with HIV-1 IIIB, but not in infected 

H9 cells treated with oligonucleotide under the same conditions. 

The data presented demonstrate potent and specific RNase H cleavage of 

HIV-1 mRNA mediated by an antisense oligonucleotide targeted to 

HIV-1 gag mRNA, and are in agreement with previous reports that the major 



obstacle to demonstra^^j antisense activity m living ^^lls 

remains the lack of p<^H*ration of these agents into tl^Mesired cellular 

rompa rtment . 
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ABSTRACT: There is increasing evidence that phosphorothioate 
oligonucleotides infused into the brain can cause a host of 
undesired side effects which compromise the antisense experiment. In 
studies on the corticotropin releasing factor type-2 receptor, several 
phosphorothioate oligonucleotides administered intraventricula rly 
produced significant weight loss in rats. Four different phosphodiester 
and phosphorothioate oligonucleotide analogs were examined to 
identify molecules which could eliminate these side effects while 
maintaining good potency for antisense inhibition. Of these, chimeric 
oligonucleotides consisting of a mixed 

phosphodiester-phosphorothioate backbone, and having 
2 ' -methoxyribonucleotide modifications in 60" of the 
oligonucleotide were the most optimal . Rats treated with these 
chimeric oligonucleotides gained weight at rates identical to that 
of saline-treated controls. In addition, the antisense 
oligonucleotide but not the mismatch control sequence reduced 
corticotropin releasing factor type-2 receptor binding of 
12 5iodo- sauvagine in the lateral septum by 40-60", after 5 daily 
injections. Increasing the dosing period to 9 days reduced receptor 
binding by 78". Reductions in protein binding were accompanied by 
comparable reductions in the in situ hybridization signal of the 
corticotropin releasing factor type-2 receptor mRNA. However, when an 
oligonucleotide analog incapable of supporting ribonuclease H 
activity was used, neither protein nor RNA binding levels were 
changed compared to saline- treated controls. These results suggest that 
ribonuclease H or enzymes with similar activity are critical to the 
antisense inhibition observed in the lateral septum. 
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ABSTRACT: Antisense oligonucleotides (ONs) are designed to hybridize 

target mRNA in a sequence-specific manner and inhibit gene expression by 
preventing translation, either by activation of RNase H or steric 
blockage of the ribosome complex. Second-generation ONs, which possess 
greater binding affinity for target RNA relative to the isosequential 
phosphodiester (PO) ONs, have been developed and include, among others, 
peptide nucleic acids (PNA) and N3 ' fwdarw P5 ' phosphoramidate 
oligonucleotides (npONs) . In the present study, PNA and npON 
derivatives were targeted to the coding portion of the complementary mRNA 
of the N protein of the vesicular stomatitis virus (VSV) in order to 
evaluate their ability to arrest translation in an in vitro rabbit 
reticulocyte lysate system. High-affinity hybridization of ONs lacking 
RNase H activity was not sufficient to block translation in this 
test system. Only antisense ONs acting via an RNase H mechanism or by 
steric hindrance through covalent attachment (via transplatm 
modification) to the target mRNA were found to definitively arrest 
translation in this study. 
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ABSTRACT: The RNase H activity of reverse transcriptase (RT) is 

presumably required to cleave the RNA genome following minus strand 
synthesis to free the DNA for use as a template during plus strand 
synthesis. However, since RNA degradation by RNase H appears to generate 
RNA fragments too large to spontaneously dissociate from the minus 
strand, we have investigated the possibility that RNA displacement by RT 
during plus strand synthesis contributes to the removal of RNA fragments. 
By using an RNase H!- mutant of Moloney murine leukemia virus (M-MuLV) 
RT, we demonstrate that the polymerase can displace long regions of RNA 
in hybrid duplex with DNA but that this activity is approximately 
5-fold slower than DNA displacement and 20-fold slower than 
non-displacement synthesis. Furthermore, we find that although certain 
hybrid sequences seem nearly refractory to the initiation of RNA 
displacement, the same sequences may not significantly impede synthesis 
when preceded by a single-stranded gap. We find that the rate of RNA 
displacement synthesis by wild-type M-MuLV RT is significantly greater 
than that of the RNase H!- RT but remains less than the rate of 
non-displacement synthesis. M-MuLV nucleocapsid protein increases the 
rates of RNA and DNA displacement synthesis approximately 2-fold, and 
this activity appears to require the zinc finger domain. 
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ABSTRACT: We have designed a new type of antisense oligonucleotide, 

containing two hairpin loop structures with RNA/DNA base pairs (sense 
(RNA) and antisense (DNA) ) in the double helical stem (nicked and 
circular dumbbell DNA/ RNA chimeric oligonucleotides) . The reaction 
of the nicked and circular dumbbell DNA/ RNA chimeric 
oligonucleotides with RNase H gave the corresponding anti-DNA 
together with the sense RNA cleavage products. These 

oligonucleotides were more resistant to exonuclease attack. We also 
describe the anti-Fluv activities of nicked and circular dumbbell 
DNA/RNA chimeric oligonucleotides. 



8/3,AB/15 (Item 15 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 
(c) 2000 BIOSIS. All rts. reserv. 

11223187 BIOSIS NO.: 199800004519 

The 5 ' -exonuclease activity of bacteriophage T4 RNase H is stimulated 
by the T4 gene 32 single-stranded DNA-bmding protein, but its flap 
endonuclease is inhibited. 

AUTHOR: Bhagwat Medha; Hobbs Lisa J; Nossal Nancy G(a) 

AUTHOR ADDRESS: ( a ) Lab . Molecular Cellular Biol., NI DDK , Natl. Inst. 

Health, Build. 8, Room 2A-19, Bethesda, MD 208**USA 
JOURNAL: Journal of Biological Chemistry 272 ( 4 5 ) : p2 8 52 3 - 2 8 5 3 0 Nov. 7, 

19 97 

ISSN: 0021-9258 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: Bacteriophage T4 RNase H is a 5'- to 3 ' -nuclease that has 
exonuclease activity on RNAcntdotDNA and DNAcntdotDNA duplexes and 
can remove the pentamer RNA primers made by the T4 primase-helicase 
(Hollmgsworth, H. C, and Nossal, N. G. (1991) J. Biol. Chem. 
266,1888-1897; Hobbs, L. J., and Nossal, N. G. (1996) J. Bacteriol . 178, 
6772-6777). Here we show that this exonuclease degrades duplex DNA 
nonprocessively , releasing a single oligonucleotide (nucleotides 
1-4) with each interaction with the substrate. Degradation continues 
nonprocessively until the enzyme stops 8-11 nucleotides from the 3'-end 
of the substrate. T4 gene 32 single-stranded DNA-binding protein strongly 
stimulates the exonuclease activity of T4 RNase H, converting it 
into a processive nuclease that removes multiple short 
oligonucleotides with a combined length of 10-50 nucleotides each 
time it binds to the duplex substrate. 32 protein must bind on 
single-stranded DNA behind T4 RNase H for processive degradation. T4 
RNase H also has a flap endonuclease activity that cuts 
preferentially on either side of the junction between single- and 
double-stranded DNA in flap and fork DNA structures. In contrast to the 
exonuclease, the endonuclease is inhibited completely by 32 protein 
binding to the single strand of the flap substrate. These results suggest 



an important role for 
of RNA primers and ad 




32 protein in controlling T4 RNase H degradation 
nt DNA during each lagging st^H cycle. 
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Effects cf 5- (N-aminohexyi ) carbamoyl-2 ' -deoxyuridine on endcnucleasc 
stability and the ability of oligodeoxynucleotide to activate RNase 
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ABSTRACT: To evaluate an endonuclease resistance property of 
oligodeoxynucleotides (ODNs) containing 

5- (N-ammohexyl ) carbamoyl-2 ' -deoxyuridmes (Hs) and to elucidate whether 
a duplex consisting of the ODN analogue and its complementary RNA induces 
RNase H activity, the ODNs containing the deoxyuridine analogues, 
Hs, at intervals of one, two, three, four and five natural nucleosides 
were synthesized. From partial hydrolysis of these ODNs with nuclease SI 
(an endonuclease), it was found that the ODNs became more stable towards 
nucleolytic hydrolysis by the enzyme as the number of H increased. 
Furthermore, to examine whether the duplexes composed of the ODNs 
containing Hs and their complementary RNAs are substrates for RNase H or 
not, the duplexes of these ODNs and their complementary RNA strands were 
treated with Escherichia coll RNase H. It was found that cleavage of the 
RNA strands by the enzyme was kinetically affected by the introduction of 
Hs into the duplexes. 
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Transfer of Tat and release of TAR RNA during the activation of the 

human immunodeficiency virus type-1 transcription elongation complex. 
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ABSTRACT: The HIV-1 trans-activator protein, Tat, is a potent 

activator of transcriptional elongation. Tat is recruited to the 
elongating RNA polymerase during its transit through the trans- 
activation response region (TAR) because of its ability to bind 
directly to TAR RNA expressed on the nascent RNA chain. We have shown 
that transcription complexes that have acquired Tat produce 3-fold more 
full-length transcripts than complexes not exposed to Tat. Western 
blotting experiments demonstrated that Tat is tightly associated with the 
paused polymerases. To determine whether TAR RNA also becomes attached to 
the transcription complex, DNA oligonucleotides were annealed to 
the nascent chains on the arrested complexes and the RNA was cleaved by 
RNase H. After cleavage, the 5' end of the nascent chain, carrying TAR 



RNA, is quantitative]. y^^moved, but the 3' end of the yanscript remains 
associated with the t^JUcription complex. Even after M removal of TAR 
RNA, transcription complexes that have been activated b^Tat show 
enhanced p r oc ess l vi t y . We conclude that Tat, together with cellular 
co-factors, becomes attached to the transcription complex and stimulates 
processivity, whereas TAR RNA does not play a direct role m the 
activation of elongation and is used simply to recruit Tat and 
cellular co-factors. 
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transcriptase: Inhibitory properties of RNase H activity. 
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ABSTRACT: Al anine- scanning mutants of the primer grip region of human 

immunodeficiency virus type 1 reverse transcriptase were tested for their 
ability to extend RNA and DNA versions of the polypurine tract primer, 
and an oligonucleotide representing the 18-nucleotide sequence at 
the 3' end of tRNA- Lys 3 . A majority of the mutant enzymes were either 
completely or severely deficient in RNA priming activity, but, with 
only one exception, were able to efficiently extend DNA versions of the 
same primers. The mutant enzymes were able to bind to RNA primers, 
indicating that the defect in RNA priming was not simply a loss of 
binding activity. Mutations at positions 229, 233, and 235 
dramatically reduced the amount of specific RNase H cleavage at the 3' 
terminus of the polypurine tract, which is required for primer removal. 
An alanine substitution at position 232 led to loss of cleavage 
specificity, although total activity was close to the wild-type 
level. Taken together, these results demonstrate for the first time that 
there are residues in human immunodeficiency virus type 1 reverse 
transcriptase which are specifically involved in protein-nucleic acid 
interactions with RNA primers. 
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ABSTRACT: Antisense oligonucleotides (ODN) , complementary to mRNA of 

human tumor necrosis factor alpha (TNF-alpha) and lymphotoxin ( LT ) were 
tested for their ability to inhibit TNFs . TNFs production was studied in 
cell-free systems including wheat germ extract (WGE) and rabbit 
reticulocyte lysate (RRL) . All ODN were effective in WGE at low 
concentration (0.2 mu-M) , except those targeted to the 3' region of 
TNF-alpha mRNA. A short ODN complementary to a common region between 
TNF-alpha and LT inhibited both TNFs. In contrast, high ODN concentration 
(50 mu-M) was needed to inhibit LT mRNA translation in RRL, whereas no 
clear inhibition of TNF-alpha was observed unless RNase H was added to 
the translation mixture. ODN effects on TNFs production by stimulated 
cell tine in culture were also investigated. Three ODN - one located in 
the 5 ' -untranslated region, one spanning the AUG initiation codon and one 
downstream of this AUG were the most effective sequences to decrease 
TNF-alpha production. Two ODN targeted to the AUG initiation codon of LT 
were also able to inhibit its production. In conclusion we confirm the 
role of RNase H in cell free systems, and we found that there is no 
correlation between ODN efficiency in a cell-free system nor in cell 
culture. Efficient ODN could be used for in vitro investigation of the 
role of TNF-alpha and LT in mechanism in which they are involved. 
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Combinatorial screening and rational optimization for hybridization to 
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ABSTRACT: We describe our initial application of a biochemical strategy, 
comprising combinatorial screening and rational optimization, which 
directly identifies oligonucleotides with maximum affinity (per 
unit length), specificity, and rates of hybridization to structurally 
preferred sites on folded RNA, to the problem of design of antisense 
oligonucleotides active against the hepatitis C virus (HCV) . 
A fully randomized sequence DNA oligonucleotide (10-mer) library 
was equilibrated with each of two folded RNA fragments (200 and 370 
nucleotides (nt) ) , together spanning the 5' 440 nt of an HCV transcript 
(by overlapping 130 nt ) , which were varied over a range of 
concentrations. The equilibrations were performed in solution under 
conditions determined to preserve RNA structure and to limit all RNA- DNA 
library oligonucleotide interactions to 1:1 stoichiometry . 
Subsequent Escherichia coli RNase H ( endoribonuclease H: EC 3.1.26.4) 
cleavage analysis identified two preferred sites of highest affinity 
heteroduplex hybridization. The lengths and sequences of different 
substitute chemistry oligonucleotides complementary to these sites 
were rationally optimized using an iterative and quantitative analysis of 
binding affinity and specificity. Thus, DNA oligonucleotides that 
hybridized with the same affinity to the preferred sites in the folded 
RNA fragments found by screening as to short ( ltoreq -25 nt) RNA 
complements were identified but were found to vary in length (10-18 nt ) 
from site to site. Phosphorothioate (P=S) and 2'-fluoro (2'-F) uniformly 
substituted oligonucleotides also were found, which hybridized 
optimally to these sites, supporting the design of short (10-15-nt) and 
maximally specific oligonucleotides that are more 

nuclease-resistant (via P=S) and have higher affinity (via 2'-F) than 
DNA. Finally, the affinities of DNA and uniform 2'-F-, P=S- substituted 
10-20-mer oligonucleotide complements for the best hybridization 
site, from HCV nt 355 to nt 364-374, closely corresponded to antisense 
mechanism inhibition activities in an m vitro translation assay 
and in a human cell-based HCV core protein expression assay, 
respectively. These results validate our strategy for the selection of 
hybridization-optimized and biologically active antisense 
oligonucleotides targeting HCV RNA and support the potential for 
utility in further applications. 



8/3,AB/23 (Item 23 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 
(c) 2000 BIOSIS. All rts. reserv. 

10428524 BIOSIS NO. : 199699049669 

Potent antisense oligonucleotides to the human multidrug resistance-1 

mRNA are rationally selected by mapping RNA-accessible sites with 

oligonucleotide libraries. 
AUTHOR: Ho Siew Peng(a); Britton Dustin H O; Stone Barry A; Behrens Davette 

L; Leffet Lynn M; Hobbs Frank W; Miller Jeff A; Trainor George L 
AUTHOR ADDRESS: (a)DuPont Merck Res. Lab., P.O. Box 80400, Experimental 

Station, Wilmington, DE 19880-0400**USA 
JOURNAL: Nucleic Acids Research 24 (10) :pl901-1907 1996 
ISSN: 0305-1048 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 



ABSTRACT: Antisense oli 
unpredictably in thei 




Libraries of 



chimeric oligonucleotides and RNase H were used to cleaW and 
thereby locate sites on human multidrug resistance-1 RNA transcripts that 
are relatively accessible to oligonucleotide hybridization. In cell 
culture, antisense sequences designed to target these sites were 

1 qui f i cant 1 y more active than oligonucleotides selected at 
tandom. This methodology should be generally useful for identification of 
potent antisense sequences. Correlation between oligonucleotide 
activity in the cell culture assay and in an in vitro RNase H assay 
supports the proposed role of the enzyme in the mechanism of antisense 
suppression in the cell. 
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ABSTRACT: A new type of hairpin antisense oligodeoxyribonucleotide, 

containing 2 1 -methoxynucleosides with base-pairing in the stem region at 
the 3 ' -end, was tested for 3 1 -exonuclease resistance and anti-HIV 
activity. An increased resistance to nuclease degradation has been 
observed by incubation of the hairpin oligo-nucleotides with DNA 
polymerase and foetal bovine serum. Of particular interest is the hairpin 
antisense oligonucleotide containing 2 ' methoxynucleosides with 
base-pairing in the stem region at the 3 '-end, which has increased 
nuclease resistance and hybridizes effectively with a complementary RNA. 
Furthermore, these compounds were assayed for inhibition of virus 
replication in HIV-1 infected MT-4 cells. In the anti-HIV activity 
test, the hairpin oligonucleotide phosphorothioate derivatives 
showed higher anti-HIV activities compared to their linear 



counterparts . 
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ABSTRACT: A s t r ept avi din-RNas e H gene fusion was constructed by cloning the 
Thermus thermophilics RNase H coding sequence in the streptavidin 
expression vector pTSA18F. The gene was expressed in Escherichia coll, 
and the resulting fusion protein was purified to apparent homogeneity. 
The fusion protein was shown to have a molecular weight of 128 kDa and to 
consist of four subunits. Furthermore, heat treatment of the fusion 
enzyme showed that it was stable as a tetramer at 65 degree C. The fusion 
enzyme was shown to have both biotin binding and RNase H catalytic 
properties. Using cycling probe technology (CPT), the fusion enzyme was 
compared to the native RNase H with a biotinylated probe at different 
ratios of probe: enzyme and varying amounts of synthetic target DNA. At a 
ratio of 1:1, the fusion enzyme was active in CPT, but the native 
enzyme was not; both enzymes were active at a 1:5000 ratio of 
probe : enzyme . The fusion enzyme was further tested using biotinylated and 
non-biotinylated probes and was shown to be active at a 1:1 ratio 
with the biotinylated probe but not with the non-biotinylated probe. 
These experiments show that through binding of the streptavidm-RNase H 
fusion enzyme to the biotinylated probe, the efficiency of the cycling 
probe reaction is enhanced. 
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ABSTRACT: P stereoregular phosphorothioate analogs of pentadecamer 
5 ' -d ( AGATGTTTGAGCTCT ) -3 ' were synthesized by the oxathi aphospholane 
method. Their diastereomeric purity was assigned by means of enzymatic 
degradation with nuclease PI and, independently, with snake venom 
phosphodiesterase. DNA-RNA hybrids formed by phosphorothioate 
oligonucleotides (PS-oligos) with the corresponding complementary 
pentadecaribonucleotide were treated with bacterial RNase H. The DNA-RNA 
complex containing the PS-oligo of (all-R-P) configuration was found to 



b,- more susceptible to^Nase H-dependent degradation ofthe 
pentddecaribonucleotit^ompared with hybrids contaimAither the 

(all-S-P) counterpart the so called 'random mixture W diastereomers ' 

of the pentadeca (nucleoside phosphorothioat e ) . This ste reodependence of 
RNase H action was also observed for a polyribonucleotide (475 nt) 
hybridized with these phospho r o t hi oa t e oligonucleotides. The 

results of melting studies of PS-oligo-RNA hybrids allowed a 
rationalization of the observed stereodi f f erentiation m terms of the 
higher stability of heterodimers formed between oligoribonucleotides and 
( all-R-P ) -ol iqo ( nucleoside phosphorotliioat.es i , compared with, the less 
stable heterodimers formed with ( all-S-P ) -ol igo ( nucleoside 
phosphorotliioat.es) or the random mixture of diastereomers. 



8/3,AB/28 (Item 28 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 
(c) 2000 BIOSIS. All rts. reserv. 

lj c > r < 7 3 H 9 3 BIOSIS NO.: 199598428811 

.Analysis of a ribonuclease H digestion of N3' fwdarw P5 ' 

phosphor amidate-RNA duplexes by capillary gel electrophoresis. 
AUTHOR: Dedionisio Lawrence ( a ) ; Gryaznov Sergei M 

AUTHOR ADDRESS: ( a ) Lynx Therapeutics Incorporated, 38 32 Bay Center Place, 

Hayward, CA 94545**USA 
JOURNAL: Journal of Chromatography B Biomedical Applications 669 (l):p 
125-131 1995 
ISSN: 0378-4347 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: Phosphodiester oligonucleotides (ODNs) and their analogs 

are presently being investigated as potential antisense therapeutics in 
the treatment of viral infections and various forms of cancer. Here, we 
would like to report results from an investigation of activity for 
a ribonuclease H (RNase H) mediated RNA digestion assay in the duplexes 
formed by an ODN or the ODN analog, N3 ' fwdarw P5 ' phosphoramidate 
( 3 ' -phosphoramidate ) , and complimentary RNA strands. Capillary gel 
electrophoresis (CGE) proved to be an effective method for determining 
RNA hydrolysis in the presence of RNase H. RNA and an ODN or RNA and a 
i ' -phosphoramidate were hybridized in a Tris-HCl, MgCl-2 buffer at room 
temperature ( RT ) and incubated with RNase H. Digestions were carried out 
at RT or at 37 degree C. Control samples were unhybridized RNA with RNase 
H, RNA without RNase H, and duplexes { RNA-ODN or 3 ' -phosphoramidate ) 
without RNase H. All controls were incubated in Tris-HCl, MgCl-2 buffer, 
and sample aliquots were analyzed at various time intervals. A 
homodecamer, (dT)-10, was used as an internal standard to determine the 
relative migration time of the RNA strand. The final digestion products 
for the duplexes and the various controls were monitored by CGE. In 
addition, polyacrylamide gel electrophoresis (PAGE) was used in 
conjunction with Stains-All (staining) and a densitometric analysis to 
verify CGE results. 
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ABSTRACT: We demonstrate the degradation of RNA bound to an antisense 
oligonucleotide by a reverse transcriptase enzyme-associated RNase 
H activity. We found that phosphorothioate oligonucleotides 
inhibit the RNase H activity by binding to AMV RT, rather than to 
the template RNA, whereas the RNase H activity of HIV-1 RT is not 
affected by the antisense phosphorothioate oligonucleotide. 

Selective inhibition of HIV-1 gene expression involves the degradation of 
the template RNA bound to the antisense phosphorothioate 
oligonucleotide by the RNase H activity associated with the 
HIV-1 polymerase. 
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ABSTRACT: Antisense gene inhibition occurs when an oligonucleotide 

(ON) has sufficient binding affinity such that it hybridizes its reverse 
complementary target RNA and prevents translation either by causing 
inactivation of the RNA (possibly by RNase H) or by interfering with a 
cellular process such as stalling a ribosome. The mechanisms underlying 
these processes were explored. Cellular antisense inhibition was 
evaluated in a microinjection assay using ON modifications which 
precluded or allowed in vitro RNase H cleavage of ON/RNA hybrids. RNase 
H-independent inhibition of protein synthesis could be achieved by 
targeting either the 5 ' -untranslated region or the 5 '-splice junction of 
SV40 large T antigen using 2'-0-allyl phosphodiester ONs which contained 
C-5 propynylpyrimidines (C-5 propyne) . Inhibition at both sites was 
20-fold less active than inhibition using RNase H-competent C-5 
propyne 2 ' -deoxy phosphorothioate ONs. In vitro analysis of association 
and dissociation of the two classes of ONs with complementary RNA showed 
that the C-5 propyne 2 ' -O-allyl phosphodiester ON bound to RNA as well as 
the C-5 propyne 2 ' -deoxy phosphorothioate ON. In vitro translation assays 
suggested that the two classes of ONs should yield equivalent antisense 
effects in the absence of RNase H. Next, ON/T antigen RNA hybrids were 
injected into the nuclei and cytoplasm of cells. Injection of C-5 propyne 
2' -O-allyl phosphodiester ON/RNA hybrids resulted in expression, of T 
antigen, implying that the ONs dissociated from the RNA in cells which 
likely accounted for their low potency. In contrast, when C-5 propyne 
2'-deoxy phosphorothioate ON/T antigen RNA complexes were injected into 
the nucleus, the duplexes were stable enough to completely block T- 
antigen translation, presumably by RNA inactivation. Thus, a dramatic 
finding is that C-5 propyne 2 '-deoxy phosphorothioate ONs, once 
hybridized to RNA, are completely effective at preventing mRNA 
translation. The implication is that further increases in complex 



stability coupled witt^f fective RNase H cleavage will not result in 
enhanced potency. We (Aict that the development of effective ONs 

will only come from moccfications which increase the r«r of ON/RNA 
complex formation within the nucleus. 
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ABSTRACT: Oligonucleotide ( 2 -ami noe thyl ) phosphona t es in which the 
backbone consisted of isomerically pure, alternating 

( 2-aminoethyl ) -phosphonate and phosphodiester linkages have been prepared 
and characterized. One of these single isomer oligonucleotides ( Rp ) 
formed a more stable duplex with DNA or RNA than its corresponding 
natural counterpart. Hybrid stability was more pH-dependent , but less 
salt-dependent than a natural duplex. The specificity of hybridization 
was examined by hybridization of an oligonucleotide containing one 

( 2-aminoethyl ) phosphonate to oligonucleotides possessing mismatches 
in the region opposite to the aminoethyl group. In contrast to 
oligonucleotides containing ( aminomethyl ) -phosphonate linkages, 
oligonucleotide ( 2 - ami noe t hyl ) phosphonat es were completely stable 
to hydrolysis in agueous solution. These oligonucleotides were 
resistant to nuclease activity but did not induce RNase H mediated 
cleavage of a complementary RNA strand. Incubation in a serum-containing 
medium resulted in minimal degradation over 24 hours. Studies of cell 
uptake by flow cytometry and confocal microscopy demonstrated temperature 
dependent uptake and intracellular localization. 

( 2-aminoethyl ) phosphonates represent a novel approach to the introduction 
of positive charges into the backbone of oligonucleotides. 
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AUTHOR: Godard Gerard; Francois Jean-Christophe; Duroux Isabelle; Asseline 
Ulysse; Chassignol Marcel; Thuong Nguyen; Helene Claude (a); 
Saison-Behmoaras Tula 

AUTHOR ADDRESS: (a) Lab. de Biophysique, INSERM U201-CNRS UA 481, 43 rue 
Cuvier 75005, Paris**France 

JOURNAL: Nucleic Acids Research 22 (22) :p4789-4795 1994 

ISSN: 0305-1048 

DOCUMENT TYPE: Article 

RECORD TYPE: Abstract 

LANGUAGE: English 



ABSTRACT: Dodecadeoxyribonucleotides derivatized with 1 , 10-phenanthroline 



oi psoralen were targeted to the point mutation (G fwdarw U) in codon 12 
of the Ha-ras mRNA . Dl^Amd RNA fragments, 27 nucleoti A in length, and 

containing the complementary sequence of the 12mers, w^^ used to compare 
the reactivity of the activatable dodecamers (cleavage of the 
target by the phenanthrolme-12mer conjugates; photo-induced 
cross-linking of psoralen- 12mer conjugates to the target) . The reactivity 
of the RNA with the dodecamers was weaker than that of the DNA target. 
With psoralen-substituted oligonucleotides, it was possible to 
obtain complete discrimination between the mutated target (which 
contained a psoralen-reactive T(U) in the 12th codon) and the normal 
target (which contained G at the same position) . When longer Ha-ras RNA 
fragments were used as targets (120 and 820 nucleotides), very little 
reactivity was observed. Part of the reactivity could be recovered by 
using 'helper' oligonucleotides that hybridized to adjacent sites 
on the substrate. A 'helper' chain length greater than 13 was required to 
improve the reactivity of dodecamers. However, the dodecanucleotides 
induced RNase H cleavage of the target RNA in the absence of 'helper' 
oligonucleotide. Therefore, m the absence of the RNase H enzyme, 
long oligonucleotides are needed to compete with the secondary 
structures of the mRNA. In contrast, formation of a ternary complex 
oligonucleotide-mRNA-RNase H led to RNAT cleavage with shorter 
oligonucleotides - 
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ABSTRACT: The oligonucleotides reported here were complementary to 

the primer region of 5' end (14 mer), env-LTR gene region (18 mer) and 
pol gene region (35 mer) of Mo-MuLV mRNA. They successfully inhibit the 
expression of SRSV mRNA in the rabbit reticulocyte lysate system. Among 
these, the 35 mer is the most efficiency inhibitor which o inhibition 
goes to 40" and the 14 mer is relatively less efficiency, which ° 
inhibition is only 23°, RNase H could largely increase the effect of 35 
mer which % inhibition were increased from 42" to 59°, it also increases 
the effect of 18 mer, where as it has made no effect on the 14 mer. 
Studies also proved this suppression of viral expression has sequence 
specific and dosage-dependent. Studies suggested that the possible 
mechanism of antisense oligonucleotides inhibit SRSV mRNA 
expression involved the attack of the oligonucleotides-RNA hybrid 
by RNase H activity. Additionally, studies here proved that a 
single strand DNA produced by asymmetric PCR could also inhibit the SRS 
mRNA expression. 
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ABSTRACT: Specific, high-affinity RMA ligands tc avian myeloblastosis virus 
and Moloney murine leukemia virus reverse transcriptases were isolated 
from! a combinatorial RNA library using the SELEX (systematic evolution of 
liqands by exponential enrichment) procedure. The selected RNA ligands 
bound their respective reverse transcriptases with approximately 
nanomolar dissociation constants. The ligands did not exhibit primary 
sequence conservation from selections against different target enzymes. 
Moreover, the selected ligands competed with the binding of 
template/primer complex and inhibited both the RNA-dependent DNA 
polymerase and the RNase H activities of the cognate reverse 
transcriptase. SELEX can yield both high-affinity and high-specificity 
oligonucleotide antagonists against specific members of a protein 
f ami 1 y . 
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ABSTRACT: Ultraviolet thermal denaturation studies substantiate our earlier 
hypothesis that substitution of a L-nucleotide residue for a D-nucleotide 
within a DNA duplex permits a stable structure in which all bases are 
paired through Watson-Crick hydrogen bonds (Damha, M. J., Giannaris, P. 
A., Marfey, P., & Reid, L. S. (1991) Tetrahedron Lett. 32, 2573-2576). 
This conclusion is also evident from the NMR work of Blommers et al. 
(Blommers, M. J. J., et al . (1994) Biochemistry (following paper in this 
issue)). Our thermal denaturation studies indicate that, while weakening 
the interaction with target DNA and RNA, these substitutions allow for 
excellent cooperative binding. When the target is single-stranded DNA, 
the melting temperature of the complex is lowered by 4-5 degree C per 
L-dU incorporation and by 0.4-2.6 degree C when an internal D-dC is 
replaced by L-dC (1 M NaCl). When the target is RNA, the depression of 
T-m is also greater for L-dU substitutions (5-8 degree C) than for L-dC 
substitutions (2-4 degree C) . The depressions of T-m, caused by 
introducing A/C and G/T mismatches at the same positions were 
significantly greater. L/D-DNA chimeras were found to activate 
RNase H cleavage when hybridized to RNA. Furthermore, the stability of 
chimeric L/D-DNA against degradation by various commercial 
phosphodiesterases was found to be significant, as was their stability 
against digestion in human serum. These experiments establish that 
L/D-DNA chimeras serve as excellent models of antisense 
oligonucleotides . 
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ABSTRACT: The human nucleolar antigen pl20 was detected with an anti-p!20 
monoclonal antibody (MAbpl20) in most human malignant tumors (Freeman et 
al., Cancer Research, 48, 1244-1251, 1988). Stable transfection of the 
sense pl20 cDNA caused malignant transformation of NIH/3T3 cells m 
vitro, and the antisense pl20 constructs markedly delayed the growth of 
these transformed cells (Perlaky et al . , Cancer Research, 52, 428-436, 
1992) . Several pl20 antisense phosphorothioate oligonucleotides 
designed to hybridize with different regions of the p!20 sequence were 
screened on human tumor cell lines in vitro. Marked growth inhibition of 
HeLa, LOX and HRCC cell lines was found, particularly with antisense pl20 
oligonucleotide ISSI 3466 in combination with 

N- (1- (2, 3-dioleyloxy)propy) -N,N, N-trimethyl ammonium chloride (DOTMA) ; 
oligonucleotide ISIS 3466 is complementary to a nontranslated 
region at the 3' end of the molecule. Preliminary in vivo studies on 
human LOX ascites tumor in nude mice showed marked inhibitory effects on 
tumor growth by the antisense oligonucleotide ISIS 3466 in the 
presence of DOTMA when treated on alternate days. 
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ABSTRACT: Efforts have been made to reduce the disadvantages associated 
with the natural oligonucleotides (all-PO) for antisense 
application by introducing phosphorothioate (PS) linkages into the 
molecule. A series of such oligodeoxynucleotide copolymers (17-mers) 
complementary to the coding region of the rabbit beta-globin mRNA, and 
containing different proportions and arrangements of PO and PS bonds, 
were synthesized and tested for their protein-binding properties, 
nuclease stability in vitro, hybridizing ability with the complementary 
DNA (cDNA), ability to form RNase H-sensitive substrates and antisense 
activity in cell-free systems. The melting temperatures (T-m) of 
the co-polymers were reduced by up to 6 degree C relative to the all-PO 
oligo, compared to 11 degree C for the all-PS compound, indicating 
intermediate hybridizing abilities of the co-polymers. The 
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number and position of the PS linkages played a significant role in such 
improvement. Translation inhibition by these oligonucleotides was 
only found in wheat germ agglutinin (WGA) extract, but not in rabbit 
reticulocyte lysate (PRL) cell-free system, suggesting the involvement of 
RNase H in their antisense activities. Provided they have gtoreq 
50 ! PS linkages, the co-polymers produced almost the same increased 
inhibition in the WGA system as that of the all-PS oligo. The translation 
arrest in WGA extract is in good agreement with the in vitro cleavage 
found for rabbit globm mRNA in the oligo:mRNA duplex by RNase H alone. 
It is concluded that a copolymer of PO and PS might be preferable to 
either all-PO or all-PS for antisense applications. 
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ABSTRACT: Phosphorothioate oligodeoxycytidine (S-dC-n) was used as a model 
compound to examine the impact of the number of phosphorothioate linkages 
and their position on the inhibition of human DNA polymerases and RNase H 
in vitro. S-dC-N with a chain length longer than 15 could inhibit human 
DNA polymerases and RNase H activities, in a linkage 

number-dependent manner. Longer oligomers were more potent inhibitors 
than shorter ones. Kinetic studies indicated that S-dC-28 was a 
competitive inhibitor of DNA polymerase alpha and beta with respect to 
the DNA template, whereas it was a noncompetitive inhibitor of 
polymerases gamma and delta S-dC-28 was also a competitive inhibitor of 
RNase Hi and H2 with respect to RNA-DNA duplex. Susceptibility of these 
enzymes to inhibition by S-dC-28 was in the order of delta apprxeq gamma 
gt alpha gt beta and RNase HI gt RNase H2 . Structural-activity 
relationships were explored with a group of S-dC-28 analogs that have 
phosphorothioate internucleotide linkages at various positions. The 
inhibitory effect depended on the total number of thioate linkages, 
rather than the position of the linkages within the oligomer or the chain 
length itself. No sequence specificity was found. In the presence of the 
complementary RNA, antisense phosphorothioates (S-oligos) exerted a 
biphasic effect on RNase H activity. At low concentrations S-oligos 
could enhance the cleavage of the RNA portion of S-oligo-RNA duplex, 
whereas at high concentrations (in excess of the complementary RNA) S- 
oligos could inhibit RNAse H and protect the complementary RNA from 
degradation. Together, these results suggest that the 

non-sequence-specific inhibitory effect of S-oligos should be taken into 
consideration in designing antisense inhibitors. This inhibitory 
activity could be avoided by decreasing the number of 

phosphorothioate linkages at the backbone, and S-oligos of 15-20 residues 
are preferable in antisense molecule design. 
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ABSTRACT: We have examined the ability of the reverse transcriptase ( RT ) 
from human immunodeficiency virus (HIV) to carry out strand transfer 
synthesis (i.e., switching of the primer to a new template) from internal 
regions of natural-sequence RNA. A 1 42-nucleotide RNA template (donor) 
primed with a specific 20-nucleotide DNA oligonucleotide was used 
to initiate synthesis. DNA oligonucleotides with homology to 
internal regions of the donor were used as acceptors. In this system, HIV 
RT produced strand transfer products. An HIV RT having RNase H depleted 
to 3", of normal (HIV RT-RD) catalyzed the transfer reaction 
inefficiently. An RNase H-minus deletion mutant of murine leukemia virus 
RT was unable to catalyze strand transfer. HIV RT-RD, however, 
efficiently catalyzed transfer when Escherichia coli RNase H was included 
in the reactions, while the mutant murine leukemia virus RT was not 
efficiently complemented by the E. coll enzyme. Evidently, RNase H 
activity enhances, or is required for, internal strand transfer. 
Two acceptors homologous to 2 7 -nucleotide regions of the donor, one 
offset from the other by 6 nucleotides, were tested. The offset 
eliminated a sequence homologous to a prevalent DNA synthesis pause site 
in the donor. Strand transfer to this acceptor was about 25 v, less 
efficient, suggesting that RT pausing can enhance strand transfer. When 
the deoxynucleoside triphosphates in the reactions were reduced from 50 
to 0.2 rau-M, increasing RT pausing, the efficiency of strand transfer 
also increased. A model for RT-catalyzed strand transfer consistent with 
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ABSTRACT: Antisense oligonucleotides are being evaluated in clinical 

trials as novel therapeutic agents. To further improve the properties of 
antisense oligonucleotides, we have designed mixed-backbone 
oligonucleotides (MBOs) that contain phosphorothioate segments at 
the 3' and 5' ends and have a modified oligodeoxynucleotide or 
oligoribonucleotide segment located in the central portion of the 
oligonucleotide. Some of these MBOs indicate improved properties 
compared with phosphorothioate oligodeoxynucleotides with respect to 
affinity to RNA, RNase H activation, and anti-HIV activity. 
In addition, more acceptable pharmacological, in vivo degradation and 
pharmacokinetic profiles were obtained with these MBOs. 
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ABSTRACT: Oligonucleotide N3 1 fwdarw P5 ' phosphoramidates are a new 
and promising class of antisense agents. Here we report biological 
properties of phosphoramidate oligonucleotides targeted against the 
human T cell leukemia virus type-I Tax protein, the major transcriptional 
transactivator of this human retrovirus. Isosequential phosphorothioate 
oligodeoxynucleotides and uniformly modified and chimeric 
phosphoramidate oligodeoxynucleotides containing six central 
phosphodiester linkages are all quite stable in cell nuclei. The 
uniformly modified anti-tax phosphoramidate oligodeoxynucleotide 
does not activate nuclear RNase H, as was shown by RNase protection 
assay. In contrast, the chimeric phosphoramidate-phosphodiester 
oligodeoxynucleotide is an efficient activator of RNase H. The 
presence of one or two mismatched nucleotides in the phosphodiester 
portion of oligonucleotides affected this activation only 
negligibly. When introduced into tax-transformed fibroblasts ex vivo, 
only the uniformly modified anti-tax phosphoramidate 

oligodeoxynucleotide caused a sequence-dependent reduction in the Tax 
protein level. Neither the chimeric phosphoramidate nor the 
phosphorothioate oligodeoxynucleotides significantly reduced tax 
expression under similar experimental conditions. 
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ABSTRACT: Background: Chronic myelogenous leukemia (CML) results from 

chromosome 22 translocations (the Philadelphia chromosome) that creates 
BCR-ABL fusion genes, which encode two abnormal mRNAs (b3a2 and b2a2) . 
Various attempts to design antisense oligonucleotides that 



specifically cleave abj^rmal L6 BCR-ABL fusion mRNA hav^riot been 
successful. Because b^BjmRNA cannot be effectively cl^^?d by hammerhead 

ribozymes near the BCR^SbL junction, it has proved veryWif ficult to 
engineer specific cleavage of this chimeric mRNA. Nonspecific effects 
associated with using antisense molecules make the use of such antisense 
molecules questionable. Results: The usefulness of DNA enzymes in 
specifically suppressing expression of L6 BCR-ABL mRNA in mammalian cells 
is demonstrated. Although the efficacy of DNA enzymes with natural 
linkages decreased 12 hours after t rans f ec t ion , partially modified 
DNA enzymes, with either ph o spho ro t hi oa t e or 2 ' -O-methyl groups at both 
their 5 1 and 3' ends, remained activefor much longer times in 
mammalian cells. Moreover, the DNA enzyme with only 2 ' -O-methyl 
modifications was also highly specific for abnormal mRNA. Conclusions: 
DNA enzymes with 2 ' -O-methyl modifications are potentially useful as 
gene- inactivating agents in the treatment of diseases such as CML . In 
contrast to conventional antisense DNAs, some of the DNA enzymes used in 
this study were highly specific and cleaved only abnormal BCR-ABL mRNA. 
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ABSTRACT: One of the major barriers to the development of antisense 
therapeutics has been their poor bioavailability. Numerous 
oligonucleotide modifications have been synthesized and evaluated 
for enhanced cellular permeation with limited success. Phenoxazine, a 
tricyclic 2 ' deoxycytidine analog, was designed to improve stacking 
interactions between heterocycles of oligonucleotide/ RNA hybrids 
and to enhance cellular uptake. However, the bioactivity and cellular 
permeation properties of phenoxazine-modif ied 

oligonucleotides were unknown. Incorporation of four phenoxazine 

bases into a previously optimized C5 propyne pyrimidine modified 

7-mer phosphorothioate oligonucleotide targeting SV40 large T 

antigen enhanced in vitro binding affinity for its RNA target and 

redirected RNAse H-mediated cleavage as compared with the 7-mer C-5 

propynyl phosphorothioate oligonucleotide (S-ON) . The 

phenoxazme/C-5 propynyl U 7-mer S-ON showed dose-dependent, 

sequence-specific, and target-selective antisense activity 

following microinjection into cells. Incubation of the phenoxazine/C-5 

propynyl U S-ON with a variety of tissue culture cells, in the absence of 

any cationic lipid, revealed unaided cellular penetration, nuclear 

accumulation, and subsequent antisense activity- The unique 

permeation properties and gene-specific antisense activity of the 

7-mer phenoxazine/C-5 propynyl U S-ON paves the way for developing 

potent, cost-effective, self-permeable antisense therapeutics. 
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